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(57) ABSTRACT 

The invention relates to a solid-solution strengthened iron 
nickel alloy with a high level of ductility and an expansion 
coefficient <5x10/K in the temperature range between 
room temperature and -200° C. Said alloy consists of (in wt. 
%): between 0.005 and 0.05% of C: <0.02% of S; between 1 
and 2% of Cr; between 35 and 38% of Ni; between 0.3 and 
1.5% of Mn; <0.5% of Si; between 1.0 and 3.5% of XMo+W: 
between 0.2 and 1.0% of Ti; between 0.2 and 1.0% of Nb: 
<0.02% of P; and between 1.0 and 4.0% of Co; Fe constitut 
ing the remainder, in addition to production-related impuri 
ties. 

17 Claims, 1 Drawing Sheet 
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1. 

RON-NICKELALLOY WITH A HIGH LEVEL 
OF DUCTILITY AND A LOW EXPANSION 

COEFFICIENT 

BACKGROUND OF THE INVENTION 

The invention relates to a solid solution-strengthened iron 
nickel alloy having a high level of ductility and a low expan 
sion coefficient in the low temperature range. 
JP-A 60221193 discloses an iron-nickel alloy having the 

following composition (in weight 96): 

N35-37% 
Mn 1-3% 

T. O.2-0.5% 

Fe Remainder, including production-related impurities. 
This alloy can be used as a welding filler material for Ni36 

alloys. 
DE-T 69 125684 provides an alloy having the following 

composition (in weight 96): 
CO. 1-0.35% 
S O-O.05% 
Cr O-2% 
N31-45% 
MnO-2.5% 
Si 0-1% 
A1 0-0.5% 
TO-O.75% 
Nb 0.1-4% 
PO-O.05% 
Fe Remainder and production-related impurities. 
This describes a welding material that has a low expansion 

coefficient. 
Due to their chemical composition, the alloys in this prior 

art cannot necessarily also be used in the low temperature 
range, for instance between room temperature and at least 
-165° C., so that appropriate modifications to the chemical 
composition are necessary. 

If welding is performed using an iron alloy having 36%. Ni 
(Ni36) using similar conventional, commercially-available 
filler materials, then the welded joint will not be as strong as 
the basic material, regardless of the welding process. In the 
overwhelming majority of uses in the temperature range 
above 0° C. this is not a major disadvantage because the 
mechanical properties play only a Subordinate role. This is in 
contrast to the coefficient of thermal expansion, which as is 
known is particularly low with this iron-nickel alloy. 

SUMMARY OF THE INVENTION 

The object of the invention is to provide an alloy for low 
temperature applications, in particular in the range s-165, 
that has good mechanical properties in addition to a low 
coefficient of thermal expansion, the alloy also being easily 
weldable. 

This object is attained on the one hand using a solid solu 
tion-strengthened iron-nickel alloy that has a high level of 
ductility and an expansion coefficient <5x10/K in the tem 
perature range between room temperature and -200° C. 
comprising (in weight%): 
COOO5-0.05% 
S <0.02% 
Cr 1-2% 
N35-38% 
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Mn 0.3-1.5% 
S 30.5% 
XEMO-W 1.0-3.5% 
Ti 0.2-1.0% 
Nb O.2-1.0% 
P <0.02% 
CO 1.0-4.0% 
Fe Remainder and production-related impurities. 
This object is also attained using a solid solution-strength 

ened iron-nickel alloy with a high level of ductility and an 
expansion coefficient <5x10/K in the temperature range 
between room temperature and -200° C., comprising (in 
weight%): 
C O.OO5-0.05% 
S <0.02% 
Cr 1-2% 
N35-38% 
Mn 0.3-1.5% 
S 30.5% 
Al O.8-2.0% 
Ti 0.2-1.0% 
Nb O.2-1.0% 
P <0.02% 
CO 1.0-4.0% 
Fe Remainder and production-related impurities. 
Thus the inventive subject-matter provides two alloys that 

are independent of one another but that act essentially the 
same in the low temperature range and that are distinguished 
from one another essentially in that Mo--W (Variant 1) are 
used in the first alloy and Al (Variant 2) is used in the second 
alloy, the composition of the alloys remaining essentially the 
same otherwise. The inventive alloys are can preferably be 
employed as a welding filler material for applications in the 
low temperature range to less than -196°C., in particular for 
iron-nickel basic materials that have low thermal expansion 
coefficients. 

It is of particular advantage that the low temperature 
strength values for the welding material are provided above 
those values for binary iron-nickel alloys having Ni contents 
between 32 and 42%. 
The inventive alloys can be mechanically linked by MSG, 

WIG, or plasma welding to a basic material that is based on an 
iron-nickel alloy that has a low expansion coefficient. 
One special application of the inventive alloys is in the 

realm of pipeline construction, especially in the realm of 
pipelines that are exposed to low temperatures s-160° C. 
This relates in particular to pipelines in which liquefied gas is 
transported. 

BRIEF DESCRIPTION OF THE DRAWING 

The FIGURE depicts the mean coefficient of thermal 
expansion attemperatures ranging from -165° C. to 200°C.; 
the reference temperature being 25°C. 

DETAILED DESCRIPTION OF THE INVENTION 

One particularly advantageous composition of variant 1 is 
as follows: 
CO.O1-0.04% 
S <0.01% 
Cr 1.0-1.8% 
N 35.5-37.5% 
Mn 0.5-1.3% 
Simax. 0.3% 
XEMO-W 15-30% 
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CO 1.2-3.0% 
Fe Remainder, including production-related impurities. 
The following alloy composition is proposed for further 

reducing the expansion coefficient: 
C O.O2-0.03% 
S <0.01% 
Cr 1.2-1.8% 
N36-37% 
MnO.8-1.3% 
Simax. 0.3% 
XEMO-W 15-2.5% 
T. O.4-0.7% 
Nb O.4-0.7% 

Co 1.2-1.8% 
Fe Remainder, including production-related impurities. 
Finally, the following additional limitations to the indi 

vidual elements are also conceivable with respect to the Vari 
ant 1 alloy: 
Mo 1.2-1.8%, especially >1.5-31.8% 
W 0.3-0.8%, especially 0.4-0.7% 
CO >1.4-1.7% 
One particularly advantageous composition of Variant 2 is 

as follows: 
CO.O1-0.04% 
S <0.01% 
Cr 1.0-1.8% 
N 35.5-37.5% 
MnO.5-1.3% 
Simax. 0.3% 
A11.0-1.8% 

CO 1.2-3.0% 
Fe Remainder and production-related impurities. 
The following alloy composition is proposed for further 

reducing the expansion coefficient: 
C O.O2-0.03% 
S <0.01% 
Cr 1.2-1.8% 
N36-37% 
MnO.8-1.3% 
Simax. 0.3% 
A11.0-1.5 
T. O.4-0.7% 
Nb O.4-0.7% 

Co 1.2-1.8% 
Fe Remainder and production-related impurities. 
Finally, the following additional limitation to the indi 

vidual elements are also conceivable with respect to the Vari 
ant 1 alloy: 
Al 1.1-1.4% 
CO 14-1.7% 
Depending on the application and composition of the two 

variants, mean expansion coefficients <4.5x10/K can be 
attained between room temperature and temperaturess-165° 
C. 

Table 1 in the following provides actual value analyses for 
test batches (LB 1110. LB 1165, and LB 1107) for both 
alloys, test batch LB 1107 being an Al-containing alloy (vari 
ant 2) in accordance with claim 2. 
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4 

Element LB 1110 LB 1165 LB 1107 

C >0.022 O.OO2 >0.017 
S O.OO2 O.OO2 O.OO14 
N O.OO1 O.OO3 O.OO1 
Cr >1.48 1.45 <1.45 
N 35.76 36.06 36.11 
Mn >0.99 O.95 >1.O 
Si O.04 <0.01 O.O1 
Mo >1.54 1.56 O.O2 
W O.71 O.65 O.O1 
T >0.45 O.S4 O.49 
Cu O.O1 O.O1 O.O1 
Fe RS6.831 56.15 R 57.5382 
P O.OO3 O.OO3 O.OO2 
Al >O.O37 O.OOS >1.27 
Mg O.OOOS <0.001 O.OOOS 
Ca O.OOOS <0.0002 O.OOOS 
Zr O.O1 <0.001 O.O1 
Co >1.53 1.54 >1.49 

Rods that were 2.4 mm in diameter were produced from 
these alloys. 
Welded joints were created with the rods using the WIG 

method, with sheet t=5 mm made of Pernifer 36 and welding 
material specimens. The laboratory batches were as follows: 

Laboratory 
Material batch Test item Type of test 

Variant 2 LB1107 2813 Welded joint 
Variant 2 LB1107 2809 Welding material 
Variant 1 LB1110 757 Welded joint 
Variant 1 LB1165 2854 Welded joint 
Variant 1 LB1165 2828 Welding material 

In addition to metallographic examinations, the thermal 
expansion coefficient behavior and the mechanical properties 
were examined. 
The mean coefficient of thermal expansion (CTE) was 

determined for specimens from cast blocks LB 1110 and LB 
1107 in the temperature range between -163°C. and 200° C. 
The following examinations were performed on the weld 

ing material specimens: 
notched bar impact work at -196°C. in the welding mate 

rial, on the fusion line, and in the weld heat affected 
Zone, each at a distance of 2 mm and 5 mm from the 
fusion line for all three specimens; 

notched bar impact work of welding material at room tem 
perature on three specimens; 

tensile test on two welding material specimens, each test at 
-196° C. and at room temperature. 

The following examinations were performed on the welded 
joints: 

bending test with root in direction oftension and face in the 
direction of tension with a bend radius of 2xd 

tensile tests at room temperature at -196° C., each with 
specimen positioned transverse to the weld line. 

The tensile tests for the welded joints were performed on 
flatbartension specimens, and the tests for the welding mate 
rial were performed on round specimens. 

Results 
1. Coefficient of Thermal Expansion 
The mean coefficient of thermal expansion of both inven 

tive alloys for selected temperatures is provided for compari 
son in Table 2. The FIGURE depicts the curves of the CTE 
across the entire temperature range relative to the reference 
temperature 25°C. 
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TABLE 2 

Comparison of mean coefficients of thermal expansion 
for the investigated alloys at selected temperatures. 

Materials batch -165 C.-25°C. 25°C.-100° C. 25°C.-200 C. 

Variant 2 LB 1107 4.12 x 10 6.02 x 10 9.04 x 10 
Variant 1 LB 1110 3.89 x 10 4.56 x 10 5.54 x 106 

The CTE is clearly less than 5x10/K in the lower tem 
perature range. 
Due to the mixing of the basic material in the welding 

material, it can be assumed that the mean expansion coeffi 
cient in the welding material of WIG or plasma welding joints 
is even lower. 

2. Mechanical Properties 
High fracture toughness at low temperatures is an impor 

tant factor in selecting the basic material Ni36 for low tem 
perature applications. Therefore, it is important that high 
levels of toughness are also attained in the welding material 
and welded joint. 
The welding material, weld line, and weld heat affected 

Zone were tested at distances of 2 mm and 5 mm from the 
fusion line at a material temperature of-196°C. The value for 
the notched bar impact toughness 5 mm from the fusion line 
represents the basic material, because the effect of heat from 
welding is negligible here. 

The notch location in the welding material was also tested 
at room temperature. 

Fracture toughness is fundamentally high. Comparing the 
values demonstrates that the toughness of the Variant 2 weld 
ing material (2809) is only about 30% lower than that of the 
basic material, and the toughness of the Variant 1 welding 
material (2828) is a bit higher. No rupture is detected at the 
fusion line, and certainly not in the weld heat affected Zone. 
Table 3 provides the essential results. 
The ductility of these welding materials is very high com 

pared to the results of WIG welds with other known welding 
fillers with adapted coefficients of thermal expansion. 

TABLE 3 
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Round and Flat Bar Tension Tests: 
Table 4 provides the results of tensile tests on round bar 

specimens made of the welding material. The focus here is in 
particular on the strength values found at room temperature, 
because strength increases at lower temperatures so that 
strength demands that are satisfied at room temperature are 
always also satisfied at lower temperatures. 
The yield point for sample 2809 is more than 100 MPa 

above that of the basic material, while that of welding mate 
rial 2828 is somewhat lower, at 350 MPa. 

TABLE 4 

Results of round bar tensile tests on welding 
material. Typical values for basic material Ni36 
are provided for the purpose of comparison. 

Variant 2, Variant 1, Basic material Ni36, 
Specimen 2809 Specimen 2828 typical values 

RT 

Ro2MPa) 387 385 351 270 
RMPa) 524 531 486 450 
As 28 27 26 30 
-196° C. 

Ro2 (MPa) 648 661 596 585 550 
RMPa) 859 864 831 853 850 
As 30 34 26 33 30 

The low temperature strength values, in particular the yield 
point of the welding material made of LB 1107, are also 
clearly greater than the values for the basic material. 
The high expansion values document the ductility of the 

additive materials down to very low temperatures. 
One important feature of the inventive materials is the shift 

in the fracture location for welded joints at room temperature 
from the welded material to the basic material. The flat bar 
tensile tests on the welded joints demonstrate that this goal 
was reliably attained. Since the specimens are fractured in the 
basic material, the measured strength also corresponds fairly 
precisely to that of the basic material. 
The fracture appears in the welding material at low tem 

peratures, but at a level that is very close to the strength of the 
basic material; this is different from welds with similar addi 
tives in which the welded joint is clearly not as strong. 

Notched bar impact work and toughness of tested welded ioints 

Variant 2, LB 1107, Specimen 2809 Variant 1, LB 1165, Specimen 2828 

-196° C. 

Welding 61 62 55 72 67 70 
material 163 J/cm2 155 J/cm2 138 J/cm2 186.4 J/cm2 1734 J/cm2 182.5 J/cm2 

Mean:59 J/148 J/cm Mean: 70 J/174J/cm 
Fusion line 85 87 82 249 228 241 

213 J/cm2 218 J/cm2 205 J/cm2 311 J/cm2 285 J/cm2 301 J/cm2 
Mean: 86 J/212 J/cm? Mean: 239 J/299 J/cm? 

Fusion line + 2 100 100 92 254 231 250 
ill 250 J/cm2 250 J/cm2 230 J/cm2 317 J/cm2 289 J/cm2 313 J/cm2 

Mean: 97 J/243 J/cm? Mean: 245 J/306 J/cm? 
Fusion line + 5 93 96 90 246 225 228 
ill 233 J/cm2 240 J/cm 225 J/cm2 307 J/cm 281 J/cm2 284 J/cm? 

Mean: 93 J/233 J/cm? Mean: 233 J/291 J/cm? 
RT 

Welding 72 81 71 82 8O 74 
material 180 J/cm2. 205 J/cm2 178 J/cm2. 212 J/cm2 205 J/cm2 189 J/cm2 

Mean: 75 J/187 J/cm? Mean: 79 J/197 J/cm? 
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TABLE 5 

Results of flat bar tests on welded ioints 

Variant 2, Variant 1, 
Specimen 2813 Specimen 2628 5 

RT 

Ro2 (MPa) 278 283 276 270 278 279 
RMPa) 452 450 444 437 446 441 
As 34 33 33 36 32 34 10 
Fracture location GW GW GW GW GW GW 
-196° C. 

Ro2MPa) 588 581 611 542 554 589 
RMPa) 822 82O 819 83O 813 834 
As 22 23 34 23 23 23 15 
Fracture location SG SG SG SG SG SG 

GW: Basic material 
SG: Welding material 

Bending Tests: 2O 
All of the bending specimens—face or root in tensile 

stress could be bent to a bending angle of 180° without 
cracks. 

Metallographic Examinations: 
For examining martensite resistance, the welding material 25 

specimens were cooled to -196° C. for one hour and then 
etched for martensite. No martensite could be found. This is 
also confirmed by the measurements of the coefficients of 
linear expansion, the temperature curve of which did not 
exhibit any anomalies. 30 
The invention claimed is: 
1. A welding additive material comprising a solid solution 

strengthened iron-nickel alloy that has a high level of ductility 
and an expansion coefficient <4.5x10"/K in the temperature 
range between room temperature and -200° C., the alloy 35 
comprising, in weight%: 
C O.O2-0.03% 
S <0.01% 
Cr 1.2-1.8% 
Ni 35-37% 40 
Mn 0.8-1.3% 
Simax. 0.3% 
XMo-W 1.5-2.5% 
T. O.4-0.7% 
Nb O.4-0.7% 45 
P <0.01% 
Co 1.2-1.8% 
Fe Remainder and production-related impurities. 
2. A welding additive material comprising a solid solution 

strengthened iron-nickel alloy with a high level of ductility 50 
and an expansion coefficient <4.5x10/K in the temperature 
range between room temperature and -200° C., the alloy 
comprising, in weight%: 
C O.005-0.03% 
S <0.01% 55 
Cr 1.2-1.8% 
Ni 36-37% 
Mn 0.8-1.3% 
Simax. 0.3% 
Al 1.0-1.5% 

T 0.4-0.7% 
Nb 0.4-0.7% 
P <0.01% 
Co 1.2-1.8% 
Fe Remainder and production-related impurities. 
3. The welding additive material in accordance with claim 

1, wherein content of the following in the alloy is, in weight 
%: 
Mo 1.2-1.8% 
W 0.3-0.8%, with the proviso that XMo+W is s2.5% U. 
4. The welding additive material in accordance with claim 

3, wherein content of the following in the alloy is, in weight 
%: 
Co >1.4-1.7%. 
5. The welding additive material in accordance with claim 

1, wherein content of the following in the alloy is, in weight 
%: 
Mo D1.5% and <1.8% 
W 0.4-0.7%. 
6. The welding additive material in accordance with claim 

5, wherein content of the following in the alloy is, in weight 
%: 
Co >1.4-1.7%. 
7. The welding additive material in accordance with claim 

1, wherein content of the following in the alloy is, in weight 
%: 
Co >1.4%-1.7%. 
8. The welding additive material in accordance with claim 

2, wherein content of the following in the alloy is, in weight 
%: 
Al 1.1 and 1.4%. 
9. The welding additive material in accordance with claim 

2, wherein the content of the following in the alloy is, in 
weight%: 
Co 1.4 and 1.7%. 
10. An iron-nickel alloy article comprising a weld includ 

ing the welding additive material of claim 1 or 2. 
11. An article according to claim 10, wherein the iron 

nickel alloy of the welding additive material has a nickel 
content of 36%. 

12. The iron nickel alloy article in accordance with claim 
10, wherein the iron nickel alloy article is a pipeline for 
transporting liquefied gas. 

13. An article including the welding additive material of 
claim 1 or 2, wherein low temperature strength values of the 
welding additive material are greater than for the rest of the 
article. 

14. The welding additive material inaccordance with claim 
1 or 2, wherein the alloy has an expansion coefficient <4.5x 
10/Kina temperature range between room temperature and 
-1659 C. 

15. A metal article having a weld including the welding 
additive material of claim 1 or 2. 

16. A method of welding articles constituted of iron-nickel 
alloy, comprising MSG, WIG or plasma welding with a weld 
ing additive material of claim 1 or 2. 

17. A method in accordance with claim 16, wherein the 
iron-nickel alloy of the welding additive material has a nickel 
content of 36%. 


